SUMMARY This study was carried out to record maximum occlusal bite force (MOBF) among different dentition stages in children and to study the relation of occlusal bite force to weight, height, and gender.
Introduction
Mastication can be measured by several means, including masticatory ability, ef ciency , and performance ( Magalhaes et al. , 2010 ) . Occlusal bite force (OBF) is one indicator of the functional state of the masticatory system that results from the action of jaw elevator muscles modi ed by the craniofacial biomechanics ( Bakke, 2006 ) . Many studies have been performed to determine the relationship between OBF and masticatory ef ciency ( Hatch et al. , 2001 ; Gaviao et al. , 2007 ) . Hatch et al. (2001) reported that OBF is one of the key determinants of masticatory performance.
Several factors have been suggested to affect OBF measurements , such as age, gender, craniofacial morphology, periodontal support of teeth, signs and symptoms of temporomandibular disorders , and dental status ( Kiliaridis et al. , 1993 ; Kovero et al. , 2002 ; Ferrario et al. , 2004 ; Olthoff et al. , 2007 ; Bonakdarchian et al. , 2009 ; Abu Alhaija et al. , 2010; Palinkas et al. , 2010 ) . Helle et al. (1983) veri ed that OBF increases with age from childhood, stays fairly constant from 20 to 40 years of age, and then declines. Usui et al. (2007) found that the maximum occlusal bite force (MOBF) tended to increase with age until age of 20 years in males and age of 17 years in females.
It has been reported that MOBF is higher in males than females ( Ferrario et al. , 2004 ; Olthoff et al. , 2007 ; Bonakdarchian et al. , 2009 ; Palinkas et al. , 2010 ) . Palinkas et al. (2010) reported that among all the age groups (7 -80 years), gender was found to be a signi cant factor associated with MOBF showing 30 per cent higher mean in males than in females. On the other hand, some studies reported no gender differences in OBF measurements ( Serra et al. , 2007 ; Su et al. , 2009 ; Abu Alhaija et al. , 2010 ) .
The relationship between OBF and craniofacial morphology has been investigated ( Prof t et al. , 1983 ; Abu Alhaija et al. , 2010 ) . Prof t et al. (1983) found that the mean OBF in the molar region was twice as great in normal as in longface subjects; short -face subjects generating even higher forces than normal -face subjects. This result has also been con rmed by Abu Alhaija et al. (2010) who reported that subjects with a short face had the highest , while the longface types had the lowest MOBF.
Malocclusion can negatively affect the masticatory system to process and break down food ( English et al. , 2002 ) . Fontijn-Tekamp et al. (2000) reported that the number of occlusal units was the most important factor that affected the median particle size of masticatory performance and the swallowing threshold. In one study , only C lass III cases showed a low area with corresponding low performance. Henrikson et al. (1998) found better masticatory performance in girls aged 11 -15 years with normal occlusion than those with C lass II malocclusion. Magalhaes et al. (2010) 2 of 7 reported that malocclusion results in decreased masticatory performance, especially as it relates to a reduced occlusal contact area.
Up to our knowledge, the literature is de cient in studies on the magnitude of OBF in the different dentition stages (early primary dentition, late primary dentition, early mixed dentition, late mixed dentition, and permanent dentition stages). The aims of this study were to 1. report on the MOBF among different dentition stages in children and 2. study the relation of OBF to weight, height , and gender.
Materials and m ethods
This study was cross -sectional in design and was carried out between March and June 2011. Ethical approval for the study was obtained from the Institutional Review Board (IRB) at the Jordan University of Science and Technology (JUST). A total of 1011 children, who ful lled the inclusion criteria, aged from 3 to 18 years of age were examined. An examination form was  lled for each subject by the same researcher (MS). Using power analysis, it was calculated that at least 200 subjects in each group were required to detect a medium effect size (0.25 SD) between the  ve groups at a signi cance level of 0.05 with a power of 0.99.
The study population included 500 females and 511 males from 3 to 18 years of age. They were randomly selected from kindergartens, private and public schools , and private dental clinics (JUST Dental Teaching Center). The list that contained the names of schools enrolling the required age groups was obtained from the Directorate of Education in Irbid Governate. These schools were categorized into sections according to age. Schools in each section were numbered and those with even number were visited.
The inclusion criteria included the following: The subjects were divided into  ve groups according to their dentition stage as the following:
1. Group 1: early primary dentition stage (children who have just completed the eruption of all primary teeth ; n = 200, 100 males and 100 females, average age was 3.37 ± 0.23 years). 2. Group 2: late primary dentition stage (children just before the eruption of the  rst permanent molar ; n = 204, 104 males and 100 females, average age was 5.86 ± 1.15 years). 3. Group 3: early mixed dentition stage (children after the eruption of the permanent  rst molars and lower incisors and before the eruption of the permanent lower canines and premolars ; n = 200, 100 males and 100 females, average age was 8.15 ± 0.67 years). 4. Group 4: late mixed dentition stage (children after the eruption of permanent teeth except for the second premolars and/or upper permanent canines ; n = 200, 100 males and 100 females, average age was 9.97 ± 0.86 years). 5. Group 5: permanent dentition stage (children after the complete eruption of permanent teeth excluding third molars ; n = 207, 107 males and 100 females, average age was 14.03 ± 2.14 years).
Each child who full lled the inclusion criteria received a consent form and an abstract of the study and its goals and method of examination. Those children who returned the consent form signed by their parents were examined. The examination form consisted of two major parts: the demographic data part including the name of the child and the date of birth, height , and weight and the measurement part including the measurement of OBF. The OBF was measured bilaterally in the second primary (subjects in groups 1, 2, and 3) or the  rst permanent (subjects in groups 4 and 5) molars region (according to the dentition stage) using a portable occlusal force gauge (GM10 ; Nagano Keiki, Tokyo, Japan ; Figure 1 ). Subjects were seated upright without head support with the Frankfort plane nearly parallel to the  oor . The OBF gauge consists of a hydraulic pressure gauge and a biting element made of a vinyl material encased in a polyethylene tube ( Sakaguchi et al. , 1996 ) . Before the recording, subjects were trained to perform their highest possible OBF. Some behavio u ral dif culties were faced especially when taking the OBF measurements for children in groups 1 and 2. Children who did not manage to bite as instructed were excluded. OBF was measured alternately on the right and left sides with a 15 second resting time between each bite. Subjects were instructed to bite three times as hard as possible on the gauge without moving the head. The highest value of the three OBF measurements per side was recorded as the MOBF for that side. The mean value for the right and left sides was considered as the subject ' s MOBF and used in the analysis. 
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The n ull h ypothesis MOBF measurements are not affected by the dentition stage.
Method e rror
All examinations were performed by the same examiner. To quantify the method error, 25 subjects (  ve from each group) received the examination two times in two different occasions. Dahlberg ' s formula ( Dahlberg, 1940 ) and Houston coef cient of reliability ( Houston et al. , 1983 ) were calculated for the MOBF measurement. Dahlberg error was 5 N and Houston coef cient of reliability was 88 per cent.
Statistical a nalysis
Data were coded and entered using Microsoft Excel 2007 program and then exported to the Statistical Package for Social Sciences (SPSS, version 16.0) software and then the statistical analysis was done. Descriptive statistics were performed for height, weight, age, and MOBF. Independent t -test was used to detect gender differences. Analysis of variance test using B onferroni tests were used to detect any differences in MOBF between the different dentition stages. Regression analysis was used to detect the effect of gender, weight, and height on MOBF. Level of signi cance was set at P < 0.05.
Results
Means and standard deviations (SD s ) for the height, weight , and age for children in each group are shown in Table 1 . The means and SD for the MOBF measurements in each group in respect to gender are shown in Table 2 . Gender differences were detected in the late primary and the mixed dentition stages ' subjects. Results of the regression analysis are shown in Table 3 .
Group 1 : e arly p rimary d entition s tage
MOBF was positively correlated with height ( r 2 = 0.123; P = 0.041) and with weight ( r 2 = 0.144; P = 0.021). This implies that children with increased height and weight had higher MOBF. However, regression analysis revealed insigni cant correlations ( r 2 = 0.025) between MOBF and the dependent variables.
Group 2 : l ate p rimary d entition s tage
In this stage, signi cant correlation was detected between MOBF and gender ( r 2 = 0.163; P = 0.01), height ( r 2 = 0.174; 4 of 7 P = 0.007) , and weight ( r 2 = 0.138; P = 0.025). Regression coef cient ( r 2 = 0.056) indicated weak correlation between MOBF and the studied variables. However, the set of beta-coef cients, after adjusting for the effects of other variables, suggested that only gender has an effect on MOBF ( P = 0.022). * P < 0.05, ** P < 0.01 , *** P < 0.001 .
Figure 2
Plot g raphs of maximum occlusal bite force for different dentition stages in males and females .
Group 3 : e arly m ixed d entition s tage
MOBF was signi cantly correlated with gender ( r 2 = 0.245; P = 0.000), height ( r 2 = 0.280; P = 0.000) , and weight ( r 2 = 0.138; P = 0.025). Regression coef cient ( r 2 = 0.124) indicated good correlation between MOBF and the studied variables. However, the set of beta-coef cients, after adjusting for the effects of other variables, suggested that gender ( P = 0.002) and height ( P = 0.002) have the strongest effect on MOBF.
Group 4 : l ate m ixed d entition s tage
MOBF signi cantly correlated with gender ( r 2 = 0.250; P = 0.000), height ( r 2 = 0.182; P = 0.005) , and weight ( r 2 = 0.186; P = 0.004). Regression coef cient ( r 2 = 0.083) indicated weak correlation between MOBF and the studied variables. However, the set of beta-coef cients suggested that only gender ( P = 0.003) has an effect on MOBF.
Group 5 : p ermanent d entition s tage
In this stage, MOBF was signi cantly correlated with height ( r 2 = 0.276; P = 0.000) and weight ( r 2 = 0.219; P = 0.001). Regression coef cient ( r 2 = 0.110) revealed weak correlation between MOBF and the studied variables. However, the set of beta-coef cients suggested that in this stage, height ( P = 0.002) has the strongest effect on MOBF followed by gender ( P = 0.006).
Differences between the d ifferent g roups
MOBF was affected by the dentition stage. Figure 2 shows the means plot of the MOBF for the different dentition groups in males and females. MOBF increased with progression in dentition groups, with the highest difference 430 A. I. OWAIS ET AL.
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found during transition from early mixed to late mixed dentition stage (mean difference was 143.34 N ; Table 4 ) . Figure 3 shows the means plot of the approximate age in years in relation to the MOBF for males and females. MOBF in males keeps increasing from age 3 to 5 years, followed by a major signi cant increase for age 6 years, dropping from 6 to 7 years of age, to start increasing again throughout the ages from 8 to 18 years of age. In females, MOBF increases from age 3 to 5 years, followed by a signi cant increase for age 6 years and stays stable from 6 to 7 years of age. An insigni cant drop occurs from 7 to 8 years and then it starts increasing again.
Discussion
A number of interrelated factors such as occlusion, the architecture of the occlusal surfaces, the presence of dental diseases, and the intermaxillary space affect the measurement of the OBF. Furthermore, OBF values can be directly in uenced by the accuracy of the measuring apparatus itself ( Kamegai et al. , 2005 ) . In this study, a hydraulic pressure gauge was used with a biting element encased in a plastic covering. The accuracy of this OBF gauge has been previously reported ( Nakano et al. , 1994 ; Sakaguchi et al. , 1996 ) . The means of MOBF in this study were comparable with other studies ( Rentes et al. , 2002 ; Kamegai et al. , 2005 ) . However, Kamegai et al. (2005) reported higher OBF in female subjects. These differences could be related to the different classi cation of the subjects and naming of the study groups, in addition to difference in sample size and racial differences.
The  ndings of this study indicated that there is a signi cant positive relationship between MOBF and the dentition stage. This relation could be related to the development of the masticatory system and masticatory muscle and improvement of masticatory ef ciency throughout the different dentition stages. This relation was signi cantly noticed by the transition from the early mixed to the late mixed dentition stage when comparing each dentition stage with its succedaneous stage. This result is in agreement with Sonnesen et al. (2001) who reported a positive relationship between MOBF and increasing stages of dental eruption in children aged 7 -13 years. This  nding may be explained by the increase in the number of occlusal contact during transition through the different dentition stages. FontijnTekamp et al. (2000) suggested that masticatory performance will improve as the number of occlusal contacts increases.
The results of this study con rmed that MOBF increases with age. This was in agreement with other studies that 
